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Low spin negative parity bands in 
mass 160 region 

n  Experiments show existence of np bands at 
fairly low excitation energy (< 1 MeV) 

n  Negative parity – ‘octupole’ bands from Y3m 

n  Possibly tetrahedral (Jerzy Dudek)? 



Theoretical prediction 

n  “Tetrahedral” nucleus implies Y32 contribution 
and also vanishing of other octupole terms. 

n  Additionally, α20 = 0 

n  Calculations by Dudek suggest 
  that nuclei with a tetrahedral  

 deformation at a low excitation  
 may exist in periodic table. 



Where to find them? 



Study “doubly-magic” nuclei 

n  Shell-gaps exist at 64 and 70, then 90 and 94 
n  One focus area is the A~160 region: 

  154,156Gd, 160Yb 
 
n  Minimum at                                                 

non-zero Y32,                                                 
and zero Y20. 



Experimental signature – 156Gd ? 

n  Odd negative parity bands                                         
have lack if in-band E2                                         
transitions below spin 9. 

n  B(E2)/B(E1) discrepancy                                    
in signature partner bands. 

n  Suppression of E2 rates? 
n  Tetrahedral candidates  

n  But has Partner!! 



n  Big difference between B(E2)/B(E1) values for 
the two signatures 

n  Due to big difference in B(E2) (α=1 tetrahedral) 
n  Or: big difference in B(E1)? 



AFRODITE setup 

n  K = 200 SSC 

n  HPGe γ detectors       

n  Array of 9 clovers 
   and up to 8 LEPS 

n  Collect 109 γγ                                         
coincidence events / weekend. 

 



Recent experiments at iThemba 

n  At iThemba ran several experiments to search 
for low-lying states in N=88,90,92 nuclei: 
n  152Sm(12C,4n)160Er at 62 MeV 
n  156Gd(α,2n)158Dy at 27 MeV 
n  147Sm(12C,3n)156Er 
n  147Sm(16O,3n)160Yb 
n  154Sm(α,4n)154Gd 



Early Results from iThemba 



Analysis of 160Yb 

n  Transitions in π- bands found down to spin 4 
n  Band mixing calculations suggest a non-zero 

quadrupole moment – not tetrahedral. 



 156Gd lifetimes  
n   156Gd(n,n’γ) 
n  In 2010 found to have quadrupole moment 

inconsistent with tetrahedral deformation 

Bands are NOT tetrahedral 



160Er bands 



158Dy bands 



Branching ratios for low spins 

n  Choice in E2 in-band or E1 going to yrast, the 
observed branching ratio (hist. counts): 

n  If E1 constant, the 238keV (7– to 5–) transition 
5 times less likely than the 315keV (9– to 7–). 

n  The 5– to 3– transition is 125keV, 30 times 
weaker than 7– to 5– peak: cannot be observed. 





Experimental Alignments 

Aligned octupole Bands: 

α = 0;    2 hbar 

α = 1;    3 hbar 



Experimental B(E2)/B(E1): 

n  Again: order of magnitude staggering 



B(E1)’s different.  Why? 
n  The odd spin ‘octupole’ bands in the region 

systematically show stronger out-of-band 
transitions. 

n  Try to find a physical reason for the staggering  
of out-of-band B(E1) strengths. 

 



Random Phase Approximation 

n  Take output of TAC: 
n  Hamiltonian: 

n  Good signature for                             
multipoles of form: 



Random Phase Approximation 

n  The RPA model takes cranking output and 
models interactions between quasiparticles: 
n  Tilted Axis Cranking performed around a chosen 

axis (in this case x) 
n  Quadrupole deformation taken from Möller-Nix 
n  Single fit to octupole interaction strength κ, for 

each signature for an experimental data point 
n  Run over multiple ω values 

n  The RPA calculations done in intrinsic frame,  
   as all states are excitations vacuum (yrast) 



RPA calculations on 158Dy, α=1 

n  Run the codes – band crossings must be dealt 
with through E/B(E1) continuity: 



RPA calculations on 158Dy, α=0 

n  For both signatures… 



158Dy: RPA-Experiment 

n  Combining the  

Pretty decent agreement! 



158Dy: RPA-Experiment 



160Er: RPA-Experiment 



160Er: RPA-Experiment 



2QP BANDS 
Hamamoto & Sagawa 

B(E1; I →I-1) > B(E1;I→I)  
 
“This relation can be  
  understood by consi- 
  dering the fact that  
  it is most efficient for  
  a single-particle state  
  with strongly aligned  
  spin to emit a photon  
  in the direction of   
  the alignment.” 



Conclusion 

n  Negative parity bands are aligned octupole 
bands 

n  RPA 
n  Qualitatively good agreement with data 
n  Systematically consistent behaviour 

n  Signature dependent B(E1) strengths 
consistent with 2QP staggering 
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iThemba LABS 

n  Nice place to do physics: 


